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This invention relates to polymeric products f10Wèd 'by washing and drying If the .co- 
and more particularly to new polymeric poly- "  p6ïyiner iss01uble Lu lhe reaction medium, it may 
acids, fo compositions Containing them and o be isolated by pouring the solution into water or 
mehods fortheir preparation. ' " " a water-methanol mixture/and tlien flltering.the 
It is anobject of this invention to provide n_w 5 precipitated polymer. If the product is too tacky 
polymeric products and methods for their Prep- to isolate in this manner, the reaction mixture 
aration. A further object is to provide nòëÏ steamed to remove the organic solvent, leaving 
polymeric-acids and methods for their prepara- nreacted  non-volatile butene-l,4-dioic acid 
tion. A still further object is fo provide novel monoester in the  water layer. The p01ymer is 
polymeric acids especially useful as components 10 dried by héting Under reduced pressure. 
of polishing compositions. Another object is to " .The examples Which follow are submitted to 
providenovel compositions containing new.polY- illustrïte and not to limit this invention. In- 
meric polyacids. Other objects will appear here- herent iviscosities were measured on 0.5% solu- 
inafter, tions in xylene ai 85 ° C. 
The objects of this invention are accom-15 
plished by copolymers of. ethylene with monoes- 
ters of butene-l,4-dioic acid,. Said c0Polymers . A pressure,reactor was charged with 50 g. of 
containing 7 to 40 moles of ethylene pe r mole of methyl hydrogen maleate, 3 g. of alpha,alpha'- 
butene-l,4-dioic acid monoester. As-equivalents azodiisobutyronitrile, and 400 g. of isopropyl al- 
for the monoesters of butene-l,4-dioic acid ,there 20 cchol..- The reactor was cooled to 0 ° C. andswept 
can be used monoesters of hydrocarbo Substi' with uxygen-free nitrogen,-, after whïch it was 
tuted butene-l,4-dioic acids; these dicarboxylic evacuated... The charged reactor was. placed on 
acid monoesters havLug the general formula a-rocïer, mecha, nism and pressuredwithethylene 
HOOC--CH----C(l)--COO' wherein  is hy- to 700 tol000 aires, ai 80 ° to.86°C. The.reactor 
drogen or a monovalent hydrocarbon radical fret 25 was agitated and these conditions were main- 
of aliphatic unsaturationcontaLuLug up to 18 car- taLued for 2 hours, during vhich rime the ,pres- 
bon atoms and 1' is a monovalent hydrocarbon » sure-was held ai the indicated tevel by periodi- 
radical free of aliphatic unsaturation contaLu!ng cally repressuring with ethylene..Thereafter.the 
up to 20 carbon atoms.. These new polymeric reactor vas allowcd fo cool, opened, and thecon - 
polyacids are made by copolymerizing ethylene 30 tents discharged.. From the reaction mixture 
with the butene-l,4-dioic acid monoester uner .there.was ïsolated 159 g. of a solid polymer hav- 
pressure, in the presence of a compound capable  ing a meltLug point of 103 ° -fo 110 ° C. Anatysis 
of yielding unstable free radicals under the con- of the product Ludicated it to be one containing 
ditions Of reaction, ai a temperature of f-rom 75 weight per cent of ethylene. The acid number 
0 ° to 250 C. 35 was. 104 and the Shore hardness was 100. The 
In one method for preparing the new polymerc calcuated mole ratio of ethylene to methyt hy- 
polyacids of this invention, a pressure reactor - drogen maleate was 14:1. 
is charged with the butene-l,4-dioic acid mono- ' ...... Ex«mpe II 
ester, a reaction medium and. a compound ca- FolloïvLug the proedure described in Example 
pable ofl generating unstable free radicals under 40 
the conditions of reaction employed. The reactor I,: .but With a charge consisting .of 40 grams of 
etlyl hydrogen maleate 2 grains òf l»l'-azodi  
is cooled to 0 ° C., or lower, swept with oxygen-  
free nitrogen, and then evacuated. The reactor Cyclohexanecarbonitrile, and 500 grams of iso- 
is pressured with ethylene to a seleeted pressure propyi alcohol at 110 ° to 111 ° C, under 840 to 990 
atmospheres ethylene pressure for one bout, 
and the charged reactor is placed on- an agirai- 5 there was obtained.28 grams of polymer c0ntain- 
ing rack fltted with heating means. Heating and 
agitation, are then started and, after the rem- ing 65 weight per cent of ethylene and mèlting 
perature selected for reaction bas been reached, at 60 ° fo 63 ° C. The acid number of the polymer 
the pressure is adjusted with ethylene fo the de- Ws. 129, ifs calculated ethylene:ethyl hydrogen 
 maleate .mole ratio 9.6:1, its Shore hardness 22, 
sired level. Throughout the period of reaetion 50 its melt viscosity 21, and ifs Luherent viscositY 
the pressure within the reactor is maintainel by ....... 
periodically repressurLug ith ehylene or with 004. 
solution0f the monoester. After. raction is com ........ . . Excepte III 
ptete, as evidenced by-cessation of pressure drop, FolloWing the procedure lescrlbed.in Example 
t.he reactor.is permitted to cool and the contents 55 I, but 'with 
dischard. The desired Copolymer; if insolible methylhydrogen maleate 0.4 gram uf.Cti(tertbu- 
in the. rëactton, medium, is- isolated b' fltraiëii ' tyt p'ëoX.id'e" .and .400 grms- of trtiary, butyi 
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alcohol at 140 ° C. and 700 te 975 atmospheres 
ethylene pressure for . hours, there was obtatned 
178 grains of polymer containing 86 weight per 
cent ethylene and melting at 114 ° te 1.0 ° C. The 
acid number of the polymer was 
hardness 95, ifs calculated ethylene:methyl hy» 
drogen maleate mole ratio .9:1, and its inherent 
viscosity 0.34. 
Example IV 
Following the procedure described in Example 
I, but wlth a charge consisting of 100 grains of 
octadecyl hydrogen maleate, 
(tert.butyDperoxide and 400 grains of tert2ary 
butyl alcohol at 125 ° te 147 ° C. and 550 to 960 
atmospheres ethylene pressure for 2 hours, there 
was obtained 193 grams of polymer containing 62 
weight per cent of ethylene and meltng at 67 ° 
te 73 ° C. The acid number of the polymer was 
56, its ethylene:octadecyl hydrogen :maleate mole 20 
ratio was 21:1, its Shore hardness 59, its melt vis- 
cosity 18, and its inherent viscosity 0.14. 
.. Example 
Following the procedure describeçl in Example 
I, but with a charge consisting of 50 grains of 
methyl hydrogen maleate, 0.8 grain of di(tert.bu- 
tyl) peroxide, 370 grains of tertiarY butyl alcohol, 
and 30 grains of cyclohexane, at 130 ° C. and 880 
te 1000 atmospheres ethylene pressure for one 3O 
heur, there was obtained 80 grains of poiymer 
containing 60 weight per cent of .ethylene and 
melting af 90 ° te 97 ° Er. The acid number was 
184, Its ethylene:methyl hydrogen maleate mole 
ratio was 7:1, and its Shore hardness 85. 35 
Example 
Following the procedure describod in Example 
I, but with a charge consisting of 50 grains of 
methyl hydrogen maleate, 1.2 grains of dl-40 
(tert.butyl) peroxide, 340 grains of :tertiary butyl 
alcohol, and 60 grains of isopropyl alc0hol, at 
127 ° te 143 ° Er. and 600 te 900 atmospheres 
ethylene pressure, there was obtained 110 grains 
of polymer containing 76 weight per cent of 
ethYlene and melting at 87 ° te 93  C. The acid 
number of the polymer was 106, ifs ethyl- 
ene:methyl hydrogen maleate mole ratio 15:1, its 
Shore hardness 83, ifs melt visc0sity 153, and ifs 
inherent viscosity 0.13. 
,xample VH 
 F0!lowing the procedure described in Exàmple 
I, but with a charge consisting of 50 grains of 
methyl hydrogen maleate, 1.2 grains of 
(tert.butyl)peroxide and 340 grains of tertiary 
butyl alcohol at 130 ° te 141 ° C. and 800 te 990 
atmospheres ethylene pressure for onë heur, 
there was obtained 92 grains of p01ymer melting 
at 93 ° te 97 ° Er. The polymer contined 70 weight 6{} 
per cent of ethylene and an ethylene:methYl hy- 
drogen maleate mole ratio of 11:1. Ifs acid hum- 
ber was 134, its Shore hardness 86, its melt vis- 
c0sity 201, and its inherent viscosity 0.14. 
65 
Example VIII 
Following the procedure descrlbed in Example- 
I, but wlth a charge consisting bf 50 grains of 
ethyl hydrogen maleate, 1.2 grains of di(tert.bu- 
tyD peroxide and 340 grains of tertiary butyl al- 70 
cohol at 130 ° te 144 ° C. and 600.to 1000 atmos- 
pheres ethylene pressure for one..hour, there was 
obtained 153 grams of polymer melting at 83 ° te 
87°-C. The polymer contained 78 weight per cent 
ofethylene, its ethylene:ethyl hydrogen.mleate 

,509,119 
mole ratio ws 
Shore hardness was 84, its melt viscosity 219, and 
its inherent viscosity 0.16. 
 Example IX 
A solution of 10 grains of butyl hydr0gen maie- 
are, 100 grains of tertiary butyl alcohol and 0.15 
grain of 1,1'-azodicyclohexanecarbonltrile was 
eharged into a pressure reactor, and pressured 
I0 wlth ethylene te between 910 and 990 atmos- 
pheres at 93 ° te 95 ° Er. These conditions were 
maintained for 5 hours, during which rime the 
pressure was maintained at the indicated level 
by Periodically repressuring with ethylene. 
I5 Thereafter the reactor was permitted te cool, 
vented, and the contents discharged. The prod- 
uct was a mushy gel which was steamed and 
milled dry. The yield was 20 grams. Analysis 
of the product showed it te contain 15.48% .oxy- 
gen, which corresponds te 41.6 % butyl hydrogen 
maleate and 58.4% ethylene and te an. ethyl- 
ene:butyl hydrogen maleate mole ratio of 8.6:1. 
The inherent viscosity of the product was 0,26. 
Films pressed at 120 ° C. were clear, tacky, and 
rubbery. 
The methyl and ethyl hydrogen maleates used 
in the examples were marie by warming maleic 
anhydride with a 10% excess of the alcohol on a 
steam bath until solution was complete and an 
exothermic rection had set in. The octadecyl 
hydrogen maleate was marie similarly, except 
that a 5 % excess of the alcohol was used. After 
reaction had subsided,-heating was continued or 
about 15 minutes longer. 
In the preparation of the polymeric polyacids 
of this invention there can be used any monoester 
of butene-l,4-dioic acid or monoester of a hydro- 
carbon substituted butene-l,4-dioic acid con- 
forming te the general formula: 
O 
in whlch 1 is hydrogen or a monovalent hydro- 
carbon radical containing up te 18 carbon atoms, 
such as, alkyl, aryl, cycloalkyl, or aralkyl groups, 
e. g., methyl, ethyl, propyl, octyl, decyl, phenyl, 
tolyl, xylyl, benzyl, cyclohexyl, methylcyclohexyl, 
and the like and R' is a monovalent hydrocar- 
bon radical containing up te 20 carbon atoms, 
Such as, methyl, ethyl, propyl, octyl, dodecyl, 
octadecyl, eicosyl, benzyl, menthyl, cyclohexyi, 
and the like. 
The preferred monoesters because of their 
availability and ease of preparation are those of 
maleic and fumaric acids, and of these the most 
useful frein practical considerations are the alkyl 
hydrogen maleates and fumarates such as 
methyl, ethyl, amyl, octyl, dodecyl, and octadecyl 
hydrogen maleates and fumarates. 
Although the polymeric polyacids of this in- 
vention can be ruade in the absence of a solvent 
or diluent: the use of such solvents or diluents 
constltutes the preferred practice because better 
control of the reaction is obtained thereby. The 
most useful solvents are those which are capable 
of functioning as chain transfer agents. The 
alcohols constitute an especially useful class of 
chain transfer agents. Examples of alcohols use- 
fuliy-employable are methyl, ethyl, propyl, iso, 
propyt, butyl and. amyl .alcohols, dodecanol, octa- 
dècanol, cyclohexanol, benzyl alcohol,, and. the 
ltke. Alcohols containing up te 4 carbon atoms, 
and, especiall .opropYl alcohol constitute .the 
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preferred group of reaction media because of their 
effectiveness as chain transfer agents. 
In the preparation of the products of this in- 
vention, there can be used as a catalyst any com- 
pound capable of yielding unstable free radicals 
under the conditions of reaction. Examples of 
such compounds are azo compounds of the type 
disclosed in U. S. Patent 2,471,959, such as, 
alpha,alpha' - azobis - (alpha,gamma - dimethyl- 
valeronitrfle), and dimethyl and diethyl alpha,- 
alpha' - azodiisobutyrate, 1,1'-azodicyclohexane- 
carbonitrile, etc., azines, oximes, amine oxides, 
peroxy compounds such as organic peroxides, 
peroxy salts, hydroperoxides, percarboxylates, 
etc. Examples of such compounds are. benzoyl 
peroxide, diethyl peroxide, tertiary butyl .penta- 
methylpropyl peroxide, di(tert.-butyl) peroxide, 
sodium, potassium, and ammonium persulfates, 
tertiary butyl hydroperoxide, ethyl hydroperox- 
ide, benzalazine, diphenyl ketazine, hydrazine hy- 
drochloride, acetexime, camphor oxime, trimeth- 
ylamine oxide, etc. Combinations of two or more 
of these catalysts can be used if desired s can 
also combinations of the per compounds with 
a reducing agent. 
The concentration of catalyst can be varied 
over a wide range, for example, within the range 
of 0.i t0 15% by weight of the monoester of the 
butene-l,4-dioic acid. is a rule amounts of the 
order of 1 fo 6% by weight of the monoester of 
the butene-l,4-dioic acid are used because prod- 
ucts of the desired molecular weight rangi are 
thereby obtained in good yields ai practical rates 
of reaction. 
In the preparation of the polymeric polyacids, 
pressures ranging from slightly above atmos- 
pheric up fo 3000 atmospheres and above can be 
used. Generally, however, pressures of from 600 
fo 1500 atmospheres are used because this com- 
bines a proper balance of sflnplicity of equipment 
and good reaction rate. 
The polymerization of the ethylene with the 
monoester of the butene-l,4-dioic acid can be ef- 
fected af temperatures ranging from 0 ° to 250 ° C. 
Because good reaction rates and yields of de- 
sired product are obtained ai temperatures of 
from 80 ° fo 150 ° C., this constitutes the preferred 
operating temperature range. 
The polymeric polYacids of this invention con- 
tain from 7 fo 40 moles of ethylene per mole of 
butene-l,4-dioic acid monoester. Of these prod- 
ucts the most useful are those whose inherent 
viscosities range from 0.05 fo 0.35. 
The products of this invention are useful in a 
diversity of applications, such s slip agents for 
regenerated cellulose film, anti-abrasion agents 
in photographic emulsious, insolubflizing agents 
for dyes, intermediates for chlorosulfonation, wa- 
ter-repellents, plumping agents and lacquer fm- 
ishes for leather, carbon paper ink, hair curling 
agents, binders for ceramic finishes on glas, 
detergents for non-aqueous systems, water-repel- 
lents for fabrics pre-treated with polyamines, etc. 
They are particularly useful as components of 
wax dispersions. This use is exemplifled below. 
A 20% dispersion was prepared by melting to- 
gether 7.5 grams of the polymeric polyacid of Ex- 
ample VI, 2.5 grams of microcrystalline paraflin 
wax melting af 91 ° fo 93 ° C. adding fo the blend 
2.3 grains of morpholine, and then adding water 
slowly with stirring. Films of the dispersion cast 
on glass plates were clear and glossy. 
Although in the above preparation the mor- 
pholine sali has been used, if is fo be understood 
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that in place thereof there can be used ammonia 
or any other basic amine such as pyridine, quino- 
line, propylamine, di-n-butylamine, di-2-ethyl- 
hexylamine, alkanolamines, e. g. mono-, di-, and 
5 triethanolamines, dimethylaminoethanol, amino- 
ethylethanolamine, trfisopropanolamine, etc. 
The polymeric polyacids are especially useful as 
components of polishing waxes of the emulsion 
type to improve the scuff resistance, gloss, and 
10 water-spotting resistance of films cast from such 
emulsions. These pr0Perties can be further im- 
proved by subjecting the polymeric polyacid fo a 
partial hydrolysis treatment prior to incorpora- 
tion into the wax emulsion composition. 
]5 The leveling properties of such wax emulsions 
can be improved by including a water-soluble al- 
cohol Lu the composition. Ethyl, isopropyl, iso- 
butyl, and tertiary butyl alcohols are especially 
useful for this purpose. 
20 As many apparently widely different embodi- 
ments of this invention may be marie without de- 
parting from the spirit and scope thereof, if is fo 
be understood that this invention is hot limited 
fo the specifio embodiments thereof except as 
25 defined in the appended claires. 
I claire: 
1. A copolymer cousisting of ethylene with a 
dicarboxylic acid monoester having the general 
formula HOOC--CH=C(R)--COOR' wherein 1 
80 is selected from the class cousisting of hydrogen 
and monovalent hydrocarbon radicals free of ali- 
phatic unsaturation containing up fo 18 carbon 
atoms and R' is a monovalent hydrocarbon radi- 
cal free of aliphatic unsaturation containing up 
35 to 20 carbon atems, said copolymer containing 
from 7 fo 40 moles of ethylene per mole of said 
dicarboxylic acid monoester. 
2. A copolymer as set forth in claire 1 wherein 
R is hydrogen. 
4O 3. An amine salt of a copolymer as set forth in 
claire 1. 
4. A copolymer consisting of ethylene with an 
alkyl hydi'ogen maleate in which the alkyl group 
contains from 1 fo 20 carbon atoms, said copoly- 
45 mer containing from 7 to 40 moles of ethylene 
per mole of alkyl hydrogen maleate. 
5. A copolymer consisting of ethylene with 
methYl hydrogen maleate, said copolymer con- 
taining from 7 fo 40 moles of ethylene per mole 
5O of methyl hydrogen maleate. 
6. A copolymer consisting of ethYlene with ethyl 
hydrogen maleate, said copolymer containing 
from 7 fo 40 moles of ethylene per mole of ethyl 
hydrogen maleate. 
55 7. A copolymer cousisting of ethylene with 
butyl hydrogen maleate, said copelymer contain- 
ing from 7 fo 40 moles of ethylene per mole of 
butyl hydrogen maleate. 
8. A copolymer cousisting of ethylene with 
60 octadecyl hydrogen maleate, said copolymer con- 
taining from 7 fo 40 moles of ethylene per mole 
of octadecyl hydrogen maleate. 
DAVID M. Mc(UEEN. 
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